A ttention-deficit hyperactivity disorder (ADHD) is a common childhood disorder which occurs more often in twins than singletons. This article focuses on the psychosocial consequences of having a co-twin with ADHD. Specifically, the level of anxiety (generalized and separation) in non-ADHD children who have a co-twin with ADHD is examined using data from the Australian Twin ADHD Project (ATAP). Parental report data on 501 dizygotic (DZ) twin pairs aged 6 to 15 and their siblings were used to examine (i) anxiety symptoms in twin pairs discordant for ADHD, (ii) how the effects of an ADHD twin on their co-twin and siblings are related to the type of ADHD, and (iii) whether the effects are greater for the nonaffected twin than nontwin siblings. Results show that anxiety was high in co-twins of children with the combined subtype of ADHD, with increased symptoms of both generalized and separation anxiety. Inattentive ADHD had smaller effects, which were confined to generalized anxiety and were specific to the co-twin rather than other siblings. These results have clinical implications in managing the entire multiple birth family where one twin has ADHD, and also has implications for genetic analysis in modeling the relationship of ADHD to internalizing disorders.
Attention-deficit hyperactivity disorder (ADHD) has been described as one of the most prevalent childhood disorders in the world (Slomkowski et al., 1995) , affecting an estimated 6% of children and adolescents within the Australian population (Graetz et al., 2001) . As ADHD accounts for such a large proportion of mental illness in children, there has been a growing interest in the nature and impact this disorder has on the individual with ADHD, the family environment, and individual family members.
There is some evidence that ADHD may be slightly more common in twins (Hay, 2005) . Additionally, using the unitary Diagnostic and Statistical Manual of Mental Disorders (3rd ed., rev.; DSM-III-R; American Psychiatric Association, 1987) definition of ADHD, Levy et al. (1996) found a higher rate of ADHD was associated with the speech and language problems common in twins (Mogford-Bevan, 1999) . One twin phenomenon found in some, but not all, measures of ADHD is that correlations of dizygotic (DZ) twins are substantially less than half that found for monozygotic (MZ) twins (Rietveld et al., 2003) . As this appears specific to parental ratings of ADHD, it is unlikely to be due to either sibling interaction or to genetic dominance but can be explained by parental bias, where parents exaggerate the differences between their twins in ADHD symptomatology. Beyond this, little is known about the DZ co-twin who does not have ADHD, despite the prevalence of the disorder and the stigma often associated with it. What is it like living at home and at school with your twin brother (or, less often, sister) who has difficulties associated with ADHD?
Given this lack of knowledge about the impact of ADHD on twins and their families, we start with a summary of how ADHD affects a child, the family, the parents, and (nontwin) siblings. maintain successful relationships (Grenwald-Mayes, 2002) . Several studies have identified that families of ADHD children are at an increased risk of negativity and disruption (Barkley, 1997; DuPaul et al., 2001; Smith et al., 2002) . Scahill et al. (1999) examined the psychosocial and clinical correlates of ADHD in a community sample of 449 school children. An increase in the severity of ADHD symptoms was directly associated with higher levels of family dysfunction, even after controlling for the presence of comorbid disorders. Similar findings have been established in clinic-referred samples of children and adolescents with ADHD (Brown & Pacini, 1989; DuPaul et al., 2001; Smith et al., 2002) . For instance, DuPaul et al. (2001) examined the difference in family functioning between 58 preschool children with ADHD and 36 normal control children. In addition to less adaptive coping styles within the family, families of ADHD children were at significant risk of having more problematic relationships and increased levels of family dysfunction, when compared to non-ADHD control children.
Parents of an ADHD Child
The impact of caring for an ADHD child on the mental health and well-being of parents has been well documented in the literature. The often adverse behaviors demonstrated by children with ADHD have repeatedly been proposed to produce low parenting self-efficacy (Hoza et al., 2000) and low self-esteem in parents (Hoza et al., 2000; Mash & Johnston, 1983) , as well as elevated rates of marital discord (Anastopoulos et al., 1993; Johnston & Mash, 2001; Murphy & Barkley, 1996; Shelton et al., 1998) and depression (Anastopoulos et al., 1992; Roizen et al., 1996) .
In the last decade, an increasing number of studies have indicated that parents of children diagnosed with ADHD frequently experience elevated amounts of stress within their parenting role (Anastopoulos et al., 1992; Anastopoulos et al., 1993; Baker, 1994; Barkley et al., 1991 ). An older study by Cunningham and Barkley (1979) reported that the high levels of stress in parents with an ADHD child may be due to the increased caretaking demands required to care for these individuals. In many cases, the behaviors associated with ADHD such as the increased levels of hyperactivity and impulsivity and the difficulty in sustaining attention, are often perceived by the parents as disruptive and annoying, leading to added amounts of stress placed on these primary caregivers.
Siblings of an ADHD Child
To date, few studies have focused on the long-term psychosocial consequences for the non-ADHD sibling or the discordant twin. The attention directed towards siblings has in several cases been in comparison to the ADHD affected individual, with the focus of the study concentrated around the outcome of the ADHD child. For instance, Tarver-Behring et al. (1985) observed mother-child interactions with ADHD boys and their unaffected siblings. Boys with ADHD demonstrated more conflicting behaviors associated with parental requests than their nonaffected siblings, and had more severe behavior management problems in both free play and structured settings.
Further genetic research has concentrated on the prevalence of developmental disorders in biological brothers or sisters of ADHD children. Specifically, siblings of children with ADHD experience a higher incidence of alcoholism, drug abuse, delinquency, and problematic behaviors, when compared to siblings of children with Down syndrome (Roizen et al., 1996) . Additionally, both ADHD and learning disorders have been identified as occurring more frequently in siblings of an ADHD child, when compared to siblings of children with Down syndrome (Roizen et al., 1996) , and controls (Biederman et al., 1986 (Biederman et al., , 1992 Faraone et al., 1995) .
In a recent qualitative study Kendall (1999) investigated the experiences of siblings with an ADHD brother or sister, and examined how the disorder impinged on their lifestyle and sibling relationship. The study revealed disruption resulting from the negative symptoms and externalizing behaviors of a child with ADHD to be the major complaint of non-ADHD siblings. Non-ADHD siblings reported feelings of anxiousness, worry, and sorrow, due to the absence of a normal family environment, privacy, quiescence, and enjoyable family activities. The same study identified that the disruption felt by siblings of an ADHD child was often overlooked or minimized by parents. Non-ADHD siblings also described not obtaining help from parents when they were experiencing difficulty, and often reported being ignored and distrusted. These siblings tend to react through behaviors such as retaliatory aggression, accommodation, or avoidance.
Although little information exists in regards to the sibling relationship between a child with ADHD and their nonaffected brother/sister, research that is available is largely suggestive of a negative impact on the non-ADHD child, as well as an increase in conflicting sibling relationships.
The present study represents the first attempt to examine what happens in pairs of DZ twins where only one has ADHD. The level of anxiety (both generalized and separation) is examined in the non-ADHD co-twin of a child with ADHD. Kendall (1999) emphasized that high anxiety is a significant issue for siblings of children with ADHD. Additionally, it is expected that the anxiety levels in a co-twin of a child with ADHD will be higher than that of a nontwin sibling, as twins are the same age and may often be in the same class, share the same peer group and be more easily compared with each other. Siblings of the twins are also considered to examine the issue of how siblings can be affected by the extra attention and demands of twins in the same family (Hay et al., 1988) . Unlike previous studies, the Diagnostic and Statistical Manual of Mental Disorders (4th ed.; DSM-IV; American Psychiatric Association, 1994) distinction of three subtypes of ADHD is recognized. Compared with the unitary DSM-III-R, DSM-IV distinguishes those with predominantly inattentive symptoms (ADHD-PI), those with predominantly hyperactive/impulsive symptoms (ADHD-PHI) and the combined type with both (ADHD-C). This distinction may be important for assessing the effects on co-twins and other siblings, as ADHD-C is associated with more comorbid problems such as conduct disorder (Levy et al., 2005) which may impact even more on the family than ADHD.
Method Participants
The Australian Twin ADHD Project (ATAP) has collected extensive data from families of twins registered with the Australian National Health and Medical Research Council Twin Registry. The main data were collected from a cohort of families with twins initially aged 4 to 12 years in 1991, with further data collected in 1994 to 1995 and 1998 to 1999. A detailed account of the process by which families were selected for inclusion in the ATAP is outlined by Levy et al. (1996) and Hay et al. (2002) . The procedure for assessing zygosity is described in Levy et al. (2001) . The present study is based on the second wave of the ATAP (1994 ATAP ( to 1995 . From the 1885 identified families, 1577 families responded. Of these families, 27 were excluded on the basis of one or more children in the family having a major disability, leaving 1550 eligible families.
MZ pairs were excluded, both because such discordant twins are rare for ADHD, but also because we have (unpublished) data that unlike DZ twins, their discordance may be associated with birth complications and the confounding factors these may bring to behavioral development. Small sample size necessitated exclusion of DZ twins discordant for the least common ADHD-PHI subtype (24 pairs) and the potentially interesting DZ pairs concordant for ADHD (24 pairs across all three subtypes).
Comparison of Discordant Twins
Five hundred and one pairs of DZ twins between the ages of 6 and 15 years (M = 10.62, SD = 2.58) participated in the study and comprised three groups: 1. Discordant for ADHD-PI (n = 63). The twin with ADHD had to have five or more inattentive symptoms and four or fewer hyperactive/impulsive symptoms.
2. Discordant for ADHD-C (n = 55). The ADHD twin had to have five or more inattentive symptoms and five or more hyperactive/impulsive symptoms.
In both these groups the non-ADHD co-twin had to have no more than two inattentive and two hyperactive/impulsive symptoms. 3. Concordant control group (n = 383). Both children had no more than two inattentive and two hyperactive/impulsive symptoms. Given the nonindependence of twins, one was picked at random from each pair in the control group.
There were no significant differences between the ages and genders of twins in each of these three groups.
Comparisons of Singleton Siblings of Discordant Twins
Twins were matched to a sibling closest in age. As not all twins had a sibling, the sample was reduced to 315 pairs of DZ twins between the ages of 6 and 15 years (M = 10.50, SD = 2.49). The age of siblings ranged from 3 to 21 (M = 11.67, SD = 3.44). Ages and genders of twins and siblings from each group were not significantly different.
Measures
Items measuring ADHD were based on DSM-IV criteria and were assessed by maternal report. Nine items related to inattentive symptoms and a further nine to hyperactive/impulsive symptoms. A full description and listing of these items can be found in Levy et al. (2001) . A 4-point scale was used to rate ADHD symptoms, which were coded as 1 (not at all), 2 (just a little/sometimes), 3 (pretty much/often), and 4 (very much/very often). The internal reliability of the scales indicated high coefficient alphas for the inattentive symptoms (.920) and for the hyperactive/impulsive symptoms (.897; Levy et al., 2005) . Generalized anxiety (GA) and separation anxiety (SA) were similarly assessed by maternal report on items derived from DSM-IV criteria. Nine items measured GA and eight items measured SA. Symptoms of both types of anxiety were coded in the same manner as ADHD symptoms. The internal reliability of these scales also showed high coefficient alphas for SA symptoms (.743) and GA symptoms (.911; Levy et al., 2005) .
The items measuring the symptoms of ADHD, SA, and GA do not produce a formal diagnosis, as impairment criteria were not included (Levy et al., 2005) . This is not an issue for SA and GA which are being assessed as continuous dependent variables. ADHD is dichotomized and the choice of five rather than the six symptoms plus impairment needed for DSM-IV criteria was based on prior experience with these parent report instruments, and the fact parents typically report more symptoms during a standard diagnostic interview (Levy et al., 1997) .
Results
The mean number of symptoms of SA and GA for twin pairs who are 1) discordant for inattentive ADHD, 2) discordant for combined ADHD and 3) have no ADHD symptoms are presented in Table 1 .
There are three potential comparisons, some of which are directional and so one-tailed t tests have been used: Do twins with ADHD have higher anxiety than their non-ADHD co-twin? Children with combined ADHD have significantly higher SA than their non-ADHD cotwin (Table 1) . Children who have either type of ADHD (inattentive or combined) have significantly higher levels of GA than their non-ADHD co-twin. This suggests that symptoms of hyperactivity/impulsivity (present only in the combined ADHD group) may be important in the relationship between SA and ADHD. Does the level of anxiety differ between ADHD subtypes? Children with combined ADHD had significantly higher levels of both SA, t(69.76) = 2.635, p = .010, and GA, t(91.49) = 2.270, p = .026, than children with inattentive ADHD. What about the anxiety levels in the non-ADHD cotwin? The co-twins of children with combined ADHD had significantly higher levels of SA, t(57.71) = 1.981, p = .026, and GA, t(76.17) = 2.055, p = .021, than cotwins of non-ADHD children. Additionally, the co-twins of children with combined ADHD had higher levels of SA, t(72.22) = 1.691, p = .047, than the cotwins of children with inattentive ADHD. While symptoms of hyperactivity/impulsivity may contribute to higher anxiety, this needs to be interpreted with caution as the difference was not significant after Bonferroni correction. Table 2 outlines the mean number of anxiety symptoms in nontwin siblings who have one DZ twin brother or sister with inattentive or combined ADHD. The mean number of anxiety symptoms for the control group is also given in Table 2 . As not all twin families have siblings, the number of co-twins are smaller than in Table 1 but the means are very similar. No differences were found within each of the three groups between the SA levels of co-twins and siblings. However, siblings of children with combined ADHD had significantly higher SA scores, t(31.04) = 1.857, p = .036, than in the control group (who had no ADHD siblings). The finding of higher SA was also identified in the co-twins of children with combined ADHD (Table 1) .
Comparison of Siblings of Twins Discordant for ADHD
Results for GA showed quite a different picture. Co-twins of those with inattentive ADHD had higher levels of GA than did their nontwin siblings, t(37) = 2.514, p = .016, who were no different from siblings of the control twins. Siblings in the combined group showed the highest levels of all and much higher than siblings of either the inattentive or the control twins, t(34.80) = 2.505 and t(31.23) = 2.457, respectively, both p < .01.
Discussion
While there have been many twin studies of ADHD, these have focused almost exclusively on the extent of the MZ and DZ twin similarity. To our knowledge this is the first study that has focussed on the psychosocial impact of what it is like to have a co-twin who has ADHD, and all of the implications that this has for family functioning. Indeed, studies of discordant twins from this aspect are rare across all conditions. As we recently discussed (Hay, 2005) , the only study of the psychological effects on the co-twin of one of the disorders most commonly elevated in twins, namely cerebral palsy, was done 50 years ago (Shere, 1956 ). There has been limited research into this area despite the fact that the effects on the cotwin of a child with ADHD are likely to be substantial and greater than in conditions such as cerebral palsy. In contrast to the family with a child who has cerebral palsy, which is more likely to attract sympathy, the experience of a family with a child with ADHD is likely to be negative because ADHD is still strongly stigmatized. In this study we have chosen to focus on two of the more common anxiety disorders, given the Kendall (1999) study which found this to be a real problem for siblings. In the current study it is unclear just why anxiety is more common in co-twins and siblings of a DZ ADHD child. Given the criteria for a discordant pair meant that the co-twin had to have two or fewer ADHD symptoms, it is unlikely that the anxiety can be explained as a common comorbid condition with ADHD, nor through the limited evidence for a genetic overlap of ADHD and anxiety conditions (Pliszka et al., 1999) . The same authors discuss the overlap of symptoms, but the overlap of GA symptoms is mainly with those of inattentive ADHD where the effect on co-twins and siblings is much less than in the combined subtype. The most likely reason is the embarrassment and unpredictability of having a brother or sister with ADHD in your school or, as is common with twins, in your own classroom. While the effects are greatest for the combined type and their more obvious impulsive behavior, children with the inattentive type often fail to respond to social cues which may be just as distressing for the cotwin or sibling.
Clinical Implications
Recently we have used the ABCX model of family stressors to identify effects specific to a multiple birth (Hay, 2005; Hay & Steed, 2005) . While not examining the stressors of an ADHD twin on the parents, in the present study there are clearly effects on the cotwin and on the siblings that need to be considered in treating the family, rather than just the child with ADHD. In a study of singleton families with an ADHD child, McDougall (2002) found children were acutely aware of the effect of stimulant medication on their ADHD sibling. Such effects could only be greater in the twin situation and may be an additional factor in deciding whether such medication is appropriate. Even if the behavior of the ADHD child is improved, there may still be ongoing anxiety in the co-twins and siblings that needs to be addressed.
Data on stimulant medication were also collected during this study to examine the potential treatment effects for the ADHD child and possibly their discordant twin. This wave of the study was done in 1994-1995 when the use of stimulant medication for ADHD was considerably lower (Berbatis et al., 2002) . As a result, only one child with inattentive type ADHD was taking stimulant medication and 11 children with the combined type. It should also be considered that there are many extraneous factors beyond the severity of the ADHD such as the attitudes of the parents and clinicians, which may contribute to whether the specific child receives stimulant medication (Sawyer et al., 2004) . While the study by McDougall (2002) is largely suggestive of stimulant medication having a favorable effect on the sibling relationship and on the family environment as a whole, very little is known on this topic. It is anticipated that new data currently being collected by the ATAP may provide important information on the effects of stimulant medication for the ADHD child, as well as its impact on co-twins and the family.
Limitations
Even with such a large population sample of DZ twins, the number of discordant twin pairs for the three ADHD subtypes was necessarily small. Indeed the number with the least frequent ADHD subtype, the hyperactive/impulsive subtype, was too small to be informative. Yet this group could prove to be the most important in determining if the consistently greater effects of having a combined-type co-twin are associated specifically with the hyperactive/impulsive symptoms and/or with the range of comorbid conditions especially common in this subtype (Levy et al., 2005) . The data has come only from parental report which has limitations, especially where the parent may be depressed (Briggs-Gowan et al., 1996) , as happens both in multiple birth families in general (Hay & Steed, 2005) and in nontwin ADHD families, as reviewed earlier. Many of the children were too young to provide reliable self-report data, but a study is currently underway of a new ATAP cohort with families where the twins are 12 years and above.
Conclusion
This study has raised an issue that could be addressed with other extensive databases on child twins. For example, the Dutch studies that have examined issues around rater bias in the assessment of ADHD (Rietveld et al., 2003) use questionnaires such as the Child Behavior Checklist which have extensive information on internalizing disorders. The idea that an externalizing behavioral problem such as ADHD may impact upon internalizing symptoms in the co-twin goes beyond conventional modeling of comorbidity to the area of modeling causality across disorders, which has rarely been considered. At the same time, it raises additional practical issues around the separation of twins in school (Tully et al., 2004) -is it detrimental for a nonaffected co-twin to be in the same class as a twin brother or sister with ADHD?
